INTRODUCTION
Nitrogen dioxide (NO2) gas is one of serious pollutants and irritant to the respiratory tract, giving adverse effects on recovery of respiratory infections .
Ehrlich and coworkers (1, 2) reported that the susceptibility of mice to airborne Klebsiella penumoniae markedly increased after exposure of the animals to 0.5 to 50 ppm NO2, resulting in enhanced mortality. Goldstein et al. (3) also found a decreased pulmonary bactericidal activity on Staphylococcus aureus in the mice exposed to 2.3 to 7.0 ppm N02.
We investigated the effects of N02 on the pathologic and immunologic responses of mice to Mycoplasma pulmonis. The organism is a common respiratory pathogen of mice and rats, although it does not always generate of pneumonic lesions and frequently appears as a pathogen of asymptomatic diseases (4) (5) (6) . It causes, however, acute and chronic penumonia in animals under certain conditions such as combined infection with microbes other than mycoplasmas (7), vitamin A deficiency (8) and exposure to gaseous ammonia (9) (10) (11) .
MATERIALS AND METHODS
Mice: Four-week-old female SPF mice of strain ddY were purchased from Shizuoka Laboratory Animal Center, Shizuoka and used throughout the experiments.
They were free of Salmonella spp., Pasteurella pneumotropica, Escherichia coli 0115,a,c:K (B), Corynebacterium kutscheri, Tyzzer's organism, Mycoplasma spp., Sendai virus, mouse hepatitis virus, mouse adenovirus, minute virus of mouse and reovirus type 3. The ddY strain is known to be rarely suffered from pneumonia in spite of good growth of M. pulmonis in the nose and trachea (12) .
Mycoplasma and culture conditions:
M. pulmonis strain 925T isolated from pneumonic lesions of a mouse (13) was cultured at 37 C for 3 days in Chanock's liquid medium (14) , consisting of 70 ml of 2.1% PPLO broth without crystal violet (Difco, Detroit, MI), 20 ml of unheated horse serum, 10 ml of 25% (w/v) fresh yeast extract (Difco), 1 ml of 100,000 U/ml penicillin and 1 ml of 2.5% thallium acetate. The liquid culture was used for experimental infection. Quantitative cultures o f M. pulmonis: M. pulmonis in the trachea and lung of the infected mice were periodically counted in the following way. Ten percent suspensions of aseptically collected tissue samples were prepared in PPLO broth (Difco) with glass homogenizers and diluted 10-fold serially with the same broth. Appropriate dilutions in 100-u1 quantities were spread over plates of Chanock's solid medium (14) , which were incubated at 37 C for 7 days. An average colony M, pulmonis harbored in the trachea being 103-4 CFU/g tissue at the time just after inhalation of mycoplasmal aerosol increased to 108-9 CFU per g tissue within a week, and this level was maintained during the experimental period. This mycoplasmal growth in the trachea was not significantly affected by N02 exposure even at 10 ppm. In contrast, the growth of M, pulmonis in the lung was remarkably influenced by the N02 concentration. In the mice exposed to 1 or 5 ppm NO2, the organisms in the lung were 104-5 CFU/g tissue throughout the experimental period of 28 days, and slight pneumonic lesions were generated in only a few infected mice as in the control mice. M. pulmonis in the lung of the mice exposed to 10 ppm N02, however, grew to 108-9 CFU/g tissue 2 weeks after infection and formed serious pneumonic lesions in most animals examined thereafter. weeks but also even 3 weeks after mycoplasmal infection; whereas in the mice exposed a week before the infection, M. pulmonis in the lung counted constantly 104-105 CFU/g tissue and no enhancement of the growth was observed as in the control group. In contrast, mycoplasmal growth in the trachea was not influenced by 10 ppm NO2 (data not shown). 
DISCUSSION
Although M. pulmonis grew abundantly in the trachea but rarely in the lung of ddY mice (6, 12) , the growth in the lung was remarkably enhanced by combined infection with Sendai virus resulting in pneumonia (7) . In the present study, the same phenomenon was demonstrated in ddY mice infected with M. pulmonis and continuously exposed to 10 ppm N02 at the time of or after the infection, although 1 or 5 ppm NO2 was not effective. The promotive effect of NO2 gas on respiratory infections was reported also by Ehrlich and his coworkers (1,2), demonstrating an enhanced fatality of mice due to airborne Klebsiella pneumoniae by continuous or intermittent exposure to 0.5 ppm NO2.
Several mechanisms have been considered to explain the enhancement of bacterial or mycoplasmal respiratory diseases by viral superinfection. These include a decreased clearance ability of the respiratory tract owing to damage of the ciliated epithelial cells (19, 20) and decreased phagocytic ability of pulmonary macrophages (21, 22) . Giordano and Morrow (23) reported a depressed mucociliary transport in the respiratory tract of rats exposed to 6 ppm NO2 for 6 weeks. pulmonis in Lewis and Fischer 344 rats. In the present study, the in vitro production of specific antibodies to SRBC of the spleen cells was significantly depressed in the mice infected with M. pulmonis, nevertheless the productuion of serum antibody against M. pulmonis and LPS-induced in vitro polyclonal production of the antibody were apparently normal. These results suggest that the infection of M. pulmonis modulates the murine immune response in some manner and causes a depressed antibody production against other antigens than M. pulmonis-infected mice were exposed to NO2, however, in contrast with in vivo production of serum antibody against M. pulmonis, not only specific but also polyclonal antibody productions in vitro were remarkably depressed as well as the mitogenic response to LPS. These data seem to suggest that a significant synergy or amplification occurred in the depression of immune efficiency of the infected mice by the exposure to NO2 and probably involved the immune modulation of T cell functions since a slight depression of ConA response by NO2 was observed even in healthy mice. From the present investigation, we conclude that the synergistic interaction between mycoplasmal infection and NO2 exposure is positively effective, in suppressing murine immune response, although it is still unclear whether the immune suppression is directly concerned in the generation of pneumonic lesions and the enhanced growth of M, pulmonis in the mouse lung.
